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(57) ABSTRACT

An electric tool, a control device and a method for a
three-phase motor thereof is disclosed. The control device
includes a switching unit that has a first switching unit and
a second switching unit. The first switching unit and the
second switching unit each includes a plurality of switching
elements corresponding to respective phases of a driving
circuit of the three-phase motor. The respective switching
element of the first switching unit are connected in series
with corresponding switching eclements of the second
switching unit, respectively. The control unit further
includes a control unit configured to be electrically con-
nected to the switching unit and to generate a first control
signal for controlling switching states of the respective
switching elements so as to realize a first brake mode of the
three-phase motor. Under the control of the first control
signal, the respective switching elements of the first switch-
ing unit are turned off, and in each sub-period interval of one
electrical period, the switching element in the second
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switching unit corresponding to a phase with a maximum
back electromotive force of the three-phase motor is turned
off, and the other switching elements in the second switching
unit are turned on.

13 Claims, 4 Drawing Sheets
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1
ELECTRIC TOOL AND THREE-PHASE
ELECTRIC MOTOR CONTROL DEVICE
AND METHOD THEREOF

This application is a 35 U.S.C. § 371 National Stage
Application of PCT/CN2020/128935, filed on Nov. 16,
2020, the disclosure of which is incorporated herein by
reference in its entirety.

The present application generally relates to the technical
field of motor control, and in particular to a control device
for a motor used in an electric tool, an electric tool com-
prising the control device, and a corresponding control
method.

BACKGROUND

Three-phase motors are widely used in electric tools, and
they convert electrical energy into mechanical energy, so as
to provide the electric tools with driving force. In the process
of a three-phase motor entering from a running state to a
braking state until it is stopped by braking, the operating
energy in the motor needs to be consumed, which is realised
through a motor braking scheme. An existing motor braking
scheme usually uses a power switching device and a capaci-
tor to consume motor energy. However, the existing motor
braking scheme has the problem that there is energy return-
ing to a battery or power supply of the electric tool.

According to the existing motor braking scheme, for a
typical electric tool, i.e., a DC-EC wireless electric tool, it
uses a battery as a power supply. The DC-EC wireless
electric tool tends to frequently perform a start operation and
a stop operation, which requires frequent starting and stop-
ping of a motor therein. The life of the battery is greatly
reduced when the motor brakes frequently and thus there is
high energy frequently returning to the battery during brak-
ing.

According to the above existing motor braking scheme,
for another typical electric tool, i.e., an AC-EC corded
electric tool, it is usually implemented in a miniaturized size,
which limits the use of a large-sized capacitor therein. In the
case that a small-sized capacitor is used, the capacitor
usually has a small capacity. Thus, only limited motor
energy can be consumed, and there is still high energy
returned to the power supply of the electric tool, thereby
damaging the electric tool or a power switch therein.

Therefore, there is an urgent need for a technical solution
that overcomes above defects.

SUMMARY

The following brief introduction is provided to introduce
selected concepts in a simplified form, and these concepts
will be further described in the subsequent detailed descrip-
tion. The brief introduction is not intended to highlight key
or essential features of the claimed subject matter, nor is it
intended to limit the scope of the claimed subject matter.

According to a first aspect of the present disclosure, a
control device for a three-phase motor used in an electric
tool is provided. The control device comprises: a switching
unit configured to comprise a first switching unit and a
second switching unit, wherein the first switching unit and
the second switching unit each comprises a plurality of
switching elements corresponding to respective phases of a
driving circuit of the three-phase motor, each switching
element of the first switching unit is connected in series with
a corresponding switching element of the second switching
unit, and both are separately electrically connected to one
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phase of the driving circuit of the three-phase motor; and a
control unit configured to be electrically connected to the
switching unit, and to generate a first control signal for
controlling switching states of the respective switching
elements, so as to realise a first brake mode of the three-
phase motor, wherein under the control of the first control
signal, the respective switching elements of the first switch-
ing unit are turned off, and in each sub-period interval of one
electrical period, the switching element in the second
switching unit corresponding to a phase with a maximum
back electromotive force of the three-phase motor is turned
off, and the other switching elements in the second switching
unit are turned on.

According to a feasible implementation, each electrical
period comprises six sub-periods, and in each electrical
period in the first brake mode, under the control of the first
control signal: in first and sixth sub-period intervals, the
switching element in the second switching unit correspond-
ing to phase U is turned off, and the switching elements in
the second switching unit corresponding to phases V and W
are turned on; in second and third sub-period intervals, the
switching element in the second switching unit correspond-
ing to phase V is turned off, and the switching elements in
the second switching unit corresponding to phases U and W
are turned on; in fourth and fifth sub-period intervals, the
switching element in the second switching unit correspond-
ing to phase W is turned off, and the switching elements in
the second switching unit corresponding to phases U and V
are turned on.

According to a feasible implementation, each of the six
sub-periods is an interval of 60°.

According to a feasible implementation, the control unit
is further configured to: during a period from when the first
brake mode is executed for a certain duration so that
operating energy of the three-phase motor is consumed by a
predetermined percentage until the three-phase motor is
stopped by braking, generate a second control signal for
controlling the switching states of the respective switching
elements, so as to realise a second brake mode of the
three-phase motor, wherein under the control of the second
control signal, the respective switching elements of the first
switching unit are turned off, and the respective switching
elements of the second switching unit are periodically turned
on, or are always on.

According to a feasible implementation, the control unit
is further configured to, before the first brake mode is
executed, generate a third control signal for controlling the
switching states of the respective switching elements so as
to realise a third brake mode of the three-phase motor, and
the first brake mode is executed again after the third brake
mode is executed for a certain duration so that a return
current to a bus is reduced to a predetermined threshold,
wherein under the control of the third control signal, the
respective switching elements of the first switching unit are
turned off, and in each sub-period interval of one electrical
period, the switching element in the second switching unit
corresponding to one phase of the motor is turned on, and the
switching elements in the second switching unit correspond-
ing to the other two phases are turned off.

According to a feasible implementation, the control unit
is further configured to set a leading conduction angle for a
switching element to be turned on in the second switching
unit, the leading conduction angle being greater than 0° and
less than or equal to 60°.

According to a feasible implementation, the control unit
is configured to determine one or more of first to third brake
modes to be used according to a braking requirement of the
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three-phase motor in a practical application, and to deter-
mine an execution duration and an execution sequence of the
used brake mode; the braking requirement comprises one or
more of a braking current, a return bus current, and a braking
duration; and the first braking mode is a dual down tube
braking mode, the second braking mode is a maximum
braking current mode, and the third braking mode is a single
down tube braking mode.

According to a second aspect of the present disclosure, a
control device for a three-phase motor used in an electric
tool is provided. The control device comprises: a switching
unit configured to comprise a first switching unit and a
second switching unit, wherein the first switching unit and
the second switching unit each comprises a plurality of
switching elements corresponding to respective phases of a
driving circuit of the three-phase motor, each switching
element of the first switching unit is connected in series with
a corresponding switching element of the second switching
unit, and both are separately electrically connected to one
phase of the driving circuit of the three-phase motor; and a
control unit (22) configured to be electrically connected to
the switching unit, and to generate a first control signal for
controlling switching states of the respective switching
elements, so as to realise a first brake mode of the three-
phase motor, wherein each electrical period comprises six
sub-periods, and in each electrical period in the first brake
mode, under the control of the first control signal: the
respective switching elements of the first switching unit are
turned off; in first and sixth sub-period intervals, the switch-
ing element in the second switching unit corresponding to
phase U is turned off, and the switching elements in the
second switching unit corresponding to phases V and W are
turned on; in second and third sub-period intervals, the
switching element in the second switching unit correspond-
ing to phase V is turned off, and the switching elements in
the second switching unit corresponding to phases U and W
are turned on; in fourth and fifth sub-period intervals, the
switching element in the second switching unit correspond-
ing to phase W is turned off, and the switching elements in
the second switching unit corresponding to phases U and V
are turned on.

According to a feasible implementation, each of the six
sub-periods is an interval of 60°.

According to a third aspect of the present disclosure, an
electric tool is provided. The electric tool comprises: a
three-phase motor; and the control device as described
above in the first or second aspect electrically connected to
the three-phase motor, and comprising a switching unit and
a control unit, wherein the control unit generates a control
signal for controlling respective switching elements of the
switching unit, so that the three-phase motor realises one or
more of first to third brake modes, wherein the first brake
mode is a dual down tube brake mode, the second brake
mode is a maximum braking current mode or a PWM
chopping brake mode, and the third brake mode is a single
down tube brake mode.

According to a fourth aspect of the present disclosure, a
control method for a three-phase motor used in an electric
tool is provided. Optionally, the method is implemented in
the control device as described in the first aspect and/or the
electric tool as described in the third aspect, wherein the
electric tool comprises a three-phase motor and a switching
unit; the switching unit is electrically connected to the motor
to supply a current thereto; the switching unit comprise a
first switching unit and a second switching unit; the first
switching unit and the second switching unit each comprises
a plurality of switching elements corresponding to respec-

20

40

45

4

tive phases of a driving circuit of the three-phase motor;
each switching element of the first switching unit is con-
nected in series with a corresponding switching element of
the second switching unit, and both are separately electri-
cally connected to one phase of the driving circuit of the
three-phase motor. The method comprises: generating a first
control signal for controlling switching states of the respec-
tive switching elements, so as to realise a first braking mode
of the three-phase motor, wherein under the control of the
first control signal, the respective switching elements of the
first switching unit are turned off, and in each sub-period
interval of an electrical period, the switching element in the
second switching unit corresponding to a phase with a
maximum back electromotive force of the three-phase motor
is turned off, and the other switching elements in the second
switching unit are turned on.

According to a fifth aspect of the present disclosure, a
control method for a three-phase motor used in an electric
tool is provided. Optionally, the method is implemented in
the control device as described in the second aspect and/or
the electric tool as described in the third aspect, wherein the
electric tool comprises a three-phase motor and a switching
unit; the switching unit is electrically connected to the motor
to supply a current thereto; the switching unit comprise a
first switching unit and a second switching unit; the first
switching unit and the second switching unit each comprises
a plurality of switching elements corresponding to respec-
tive phases of a driving circuit of the three-phase motor;
each switching element of the first switching unit is con-
nected in series with a corresponding switching element of
the second switching unit, and both are separately electri-
cally connected to one phase of the driving circuit of the
three-phase motor. The method comprises: generating a first
control signal for controlling switching states of the respec-
tive switching elements, so as to realise a first brake mode
of the three-phase motor, wherein each electrical period
comprises six sub-periods, and in each electrical period in
the first brake mode, under the control of the first control
signal: the respective switching elements of the first switch-
ing unit are turned off; in first and sixth sub-period intervals,
the switching element in the second switching unit corre-
sponding to phase U is turned off, and the switching ele-
ments in the second switching unit corresponding to phases
V and W are turned on; in second and third sub-period
intervals, the switching element in the second switching unit
corresponding to phase V is turned off, and the switching
elements in the second switching unit corresponding to
phases U and W are turned on; in fourth and fifth sub-period
intervals, the switching element in the second switching unit
corresponding to phase W is turned off, and the switching
elements in the second switching unit corresponding to
phases U and V are turned on.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a schematic diagram of an electric tool
according to a feasible implementation of the present dis-
closure.

FIG. 2 shows an implementation of a control device for
the electric tool in FIG. 1.

FIG. 3 shows a switching state diagram of each switching
element of the control device in FIG. 2 in different brake
modes according to an embodiment of the present disclo-
sure.
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FIG. 4 shows a flowchart of a control method according
to a feasible implementation of the present disclosure.

DETAILED DESCRIPTION

Considering that the existing technical solutions cannot
prevent the motor used in the electric tool from returning the
energy of the battery/power source of the electric tool during
the braking process, an embodiment of the present disclo-
sure proposes an improved motor braking control solution,
which has good performance in terms of expecting a high
braking efficiency (e.g. a high braking current and a short
braking duration) and expecting a current returned to the
power supply/battery of the electric tool to be almost zero.

The braking control solution according to the embodiment
of the present disclosure is applicable to various types of
three-phase motors, for example, a three-phase motor with a
back electromotive force waveform that may be a sine wave,
a triangular wave, a trapezoidal wave or the like.

Specific implementations of the present disclosure will be
described below with reference to the drawings.

FIG. 1 schematically shows an electric tool 100 according
to a feasible implementation of the present invention dis-
closure. The electric tool 100 mainly comprises a three-
phase motor 10 and a control device 20.

The three-phase motor 10 is disposed inside a housing of
the electric tool 100. The three-phase motor 10 serves as a
driving component of the electric tool 100 and provides the
electric tool 100 with driving force after being powered on.
The three-phase motor 10 is, for example, a three-phase DC
brushless motor.

The control device 20 is disposed inside the housing ofthe
electric tool 100 and is electrically connected to the three-
phase motor 10. The control device 20 mainly comprises a
switching unit 21 and a control unit 22.

Referring to FIG. 2, the switching unit 21 is connected
between a power supply of the motor 10 and the motor, and
is used for allowing or disabling a power supply current to
be output to the motor. The switching unit 21 may comprise
a plurality of switching elements, and the plurality of
switching elements may form a bridge inverter. The switch-
ing unit 21 may be a part of a driving circuit of the
three-phase motor 10. For example, the driving circuit of the
motor 10 comprises a plurality of switching elements of the
switching unit to form an inverter circuit, and also comprises
a boost circuit, a filter circuit, and the like.

In an embodiment, the switching unit 21 comprises six
switching elements T1 to T6 to form a three-phase bridge
inverter. Every two switching elements T1 and T2, T3 and
T4, and T5 and T6 are connected in series. The connection
points between the switching elements T1 and T2, T3 and T4
and T5 and T6 are each electrically conductively connected
to one phase of the three-phase motor 10. For example, the
connection point between the switching elements T1 and T2
is electrically conductively connected to phase U; the con-
nection point between the switching elements T3 and T4 is
electrically conductively connected to phase V; and the
connection point between the switching elements T5 and T6
is electrically conductively connected to phase W.

In this embodiment, the switching elements T1, T3 and TS
form a first switching unit, i.e., an upper bridge arm of the
bridge inverter; and the switching elements T2, T4 and T6
form a second switching unit, i.e., a lower bridge arm of the
bridge inverter. The switching elements T1 to T6 may each
be implemented to comprise a power transistor and a diode
connected in parallel thereto.

20

25

30

40

45

55

60

6

The control unit 22 generates a control signal for con-
trolling switching states of the respective switching ele-
ments. For example, the control unit 22 generates control
signals X1 to X6 for respectively controlling the switching
states (on and off) of the switching elements T1 to T6, and
outputs the control signals X1 to X6 to control terminals of
the switching elements T1 to T6 respectively.

In an embodiment, the control unit 22 may be disposed in
a microcontroller of a driving control system of the electric
motor 10. The driving control system may comprise the
above driving circuit and the microcontroller.

The control unit 22 may be implemented by means of
hardware or software or a combination of software and
hardware. For a part implemented by hardware, it may be
implemented in one or more application-specific integrated
circuits (ASICs), digital signal processors (DSPs), data
signal processing devices (DSPDs), programmable logic
devices (PLDs), field-programmable gate arrays (FPGAs),
processors, controllers, microcontrollers, microprocessors,
electronic units designed to perform functions thereof, or
combinations thereof. For a part implemented by software,
it may be implemented by means of microcodes, program
codes or code segments, and they may also be stored in a
machine-readable storage medium such as a memory com-
ponent.

In an embodiment, the control unit 22 is implemented to
comprise a memory and a processor. The memory includes
instructions which, when executed by the processor, cause
the processor to execute brake control logic/a brake control
method according to an embodiment of the present disclo-
sure.

The control unit 22 can generate control signals X1 to X6
for respectively controlling the switching elements T1 to T6,
and different combinations of the control signals X1 to X6
can realise different brake modes of the three-phase motor
10. For example, first to third control signals are used to
implement first to third brake modes, respectively. For
example, a control signal may be implemented to have a
high level and a low level, and a switching element is turned
on under the control of the high-level control signal, and
turned off under the control of the low-level control signal.
Certainly, the corresponding relationship between the con-
trol signal and the switching state may also be in other
manners, and is not limited thereto.

These control signals and brake modes will be described
below with reference to FIG. 3.

First of all, it should be noted that, in an embodiment of
the present disclosure, one electrical period is divided into 6
sub-periods each having a duration of T/6 (see intervals
divided by the dotted lines in FIG. 3), that is, each sub-
period of an electrical period (0 to 360°) corresponds to an
interval of 60°. In other words, one electrical period includes
the following 6 sub-periods: intervals of 0° to 60°, 60° to
120°, 120° to 180°, 180° to 240°, 240° to 300° and 300° to
360°. In an embodiment, the electrical period of 0° to 360°
may be divided into six 60° intervals by means of a signal
including the information of the back electromotive force
(BEMF) such as a rotor position signal (Hall signal) of the
motor.

It can be understood that the time period from the start of
braking to the complete stop (stop by braking) of the
three-phase motor 10 may include several complete electri-
cal periods, or may include several complete electrical
periods and an incomplete electrical period, that is, the last
electrical period before the motor stops may be incomplete.

(a) of FIG. 3 shows a state diagram of the switching

elements T1 to T6 in a state where the motor 10 is
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continuously rotating. The switching state can be
understood as a six-step commutation operating state.
Specifically, under the control of the control signals X1
to X6, in the interval of 0° to 60°, the switching
elements T1 and T4 are turned on (working); in the
interval of 60° to 120°, the switching elements T4 and
T5 are turned on; in the interval of 120° to 180°, the
switching elements T2 and T5 are turned on; in the
interval of 180° to 240°, the switching elements T2 and
T3 are turned on; in the interval of 240° to 300°, the
switching elements T3 and T6 are turned on; and in the
interval of 300° to 360°, the switching elements T1 and
Té6 are turned on. In this way, the phases are sequen-
tially commutated to realise the continuous rotation of
the motor 10.

(b) of FIG. 3 shows an embodiment of the switching states
of'the switching elements T1 to T6 for realising the first
brake mode.

In the first brake mode, the respective switching elements
are implemented under the control of the first control signal
so that: a lower bridge arm switch corresponding to a phase
with the maximum back electromotive force during the
braking process of the motor is always off, that is, in each
sub-period interval, the lower bridge arm switch correspond-
ing to the phase with the maximum back electromotive force
is turned off, and the two lower bridge arm switches corre-
sponding to the other two phases are turned off. Therefore,
the first brake mode can be understood as a dual down tube
brake mode.

Referring to (b) of FIG. 3, one electrical period of 0° to
360° is taken as an example to illustrate on and off logic of
the respective switches in the first brake mode.

In the period of 0 to 360°, the respective switching
elements of the upper bridge arm, i.e., the switching ele-
ments T1, T3 and T5, are turned off (stop working). In the
interval of 0° to 60°, the switching elements T4 and T6 are
turned on (working), and the switching element T2 is turned
off (not working); in the interval of 60° to 120°, the
switching elements T2 and T4 are turned on, and the
switching element T6 is turned off; in the interval of 120° to
180°, the switching elements T2 and T4 are turned on, and
the switching element T6 is turned off; in the interval of 180°
to 240°, the switching elements T2 and T6 are turned on, and
the switching element T4 is turned off; in the interval of 240°
to 300°, the switching elements T2 and T6 are turned on, and
the switching element T4 is turned off; and in the interval of
300° to 360°, the switching elements T4 and T6 are turned
on, and the switching element T2 is turned off. In this way,
the phases are sequentially commutated to realise the con-
tinuous braking of the motor 10.

In the first brake mode, the lower bridge arm switch
corresponding to the phase with the maximum back elec-
tromotive force is always not working. Specifically, in the
interval of 0° to 60°, the maximum back electromotive force
(BEMF) of phase U is avoided; in the interval of 60° to 120°,
the maximum back electromotive force of phase V is
avoided; in the interval of 120° to 180°, the maximum back
electromotive force of phase V is avoided; in the interval of
180° to 240°, the maximum back electromotive force of
phase W is avoided; in the interval of 240° to 300°, the
maximum back electromotive force of phase W is avoided;
and in the interval of 300° to 360°, the maximum back
electromotive force of phase U is avoided.

In the first brake mode, since the upper bridge arm switch
is always off (Off) during the braking process, the power
supply of the electric tool is isolated from the upper bridge
arm switch of the motor 10 that is turned off. A braking
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current is only caused by the back electromotive force acting
on a three-phase winding of the motor, and the maximum
back electromotive force in the corresponding sub-period
interval is avoided.

(c) and (d) of FIG. 3 each show an embodiment of the
switching states of the switching elements T1 to Té6 for
realising the second brake mode. In the second brake mode,
under the control of the second control signal, the respective
switching elements of the lower bridge arm are periodically
turned on, or are always on.

In an embodiment of the second brake mode, referring to
(c) of FIG. 3, one electrical period of 0° to 360° is taken as
an example to illustrate on and off logic of the respective
switches.

In the period of 0° to 360° the respective switching
elements of the upper bridge arm, i.e., the switching ele-
ments T1, T3 and T5, are turned off (stop working). In the
period of 0° to 360°, the respective switching elements of the
lower bridge arm, i.e., the switching elements T2, T4 and T6
work in a PWM chopping mode. Thus, the second brake
mode of this embodiment can be understood as a PWM
chopping brake mode. Specifically, under the control of the
second control signal, the On and Off states of the switching
elements T2, T4 and T6 alternately occur. During the On
state of the switching elements T2, T4 and T6, a braking
current is caused by the back electromotive force acting on
the three-phase winding of the motor. During the Off state of
the switching elements T2, T4 and T6, a three-phase wind-
ing current is fed back to a DC side through reverse
freewheeling diodes of the switching elements T1, T3 and
T5, causing a DC side voltage to rise.

In another embodiment of the second brake mode, refer-
ring to (d) of FIG. 3, one electrical period of 0° to 360° is
taken as an example to illustrate on and off logic of the
respective switches.

Under the control of the second control signal, in the
period of 0° to 360°, the respective switching elements of the
upper bridge arm, i.e., switching elements T1, T3 and T5, are
turned off (stop working). In the period of 0° to 360°, the
respective switching elements of the lower bridge arm, i.e.,
the switching elements T2, T4 and T6, are always on
(working), and the three-phase electromotive force acts on
the three-phase winding of the motor to generate a braking
current. In this case, the braking current is the largest and the
braking speed is the fastest, but there is a risk of burning the
power switching device due to excessive braking current.
Therefore, the second brake mode in this embodiment can be
understood as the maximum braking current mode.

(e) and (f) of FIG. 3 each show an embodiment of the
switching states of the switching elements T1 to Té6 for
realising the third brake mode. In the third brake mode, each
switching element of the lower bridge arm is turned on
sequentially, and thus, the third brake mode can be under-
stood as a single lower tube brake mode.

In an embodiment of the third brake mode, referring to (e)
of FIG. 3, one electrical period of 0° to 360° is taken as an
example to illustrate on and off logic of the respective
switches.

Under the control of the third control signal, in the period
ot 0° to 360°, the respective switching elements of the upper
bridge arm, i.e., the switching elements T1, T3 and T5, are
turned off (stop working). In the period of 0° to 360°, the on
state and sequence of the respective switching elements of
the lower bridge arm, i.e., the switching elements T2, T4 and
T6, are the same as when the motor is operating normally
(that is, they are the same as the state shown in FIG. 3(a)).
Specifically, in the interval of 0° to 120°, the switching
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element T4 is turned on (working); in the interval of 120° to
240°, the switching element T2 is turned on; and in the
interval of 240° to 360°, the switching element T6 is turned
on. In this embodiment, the on state and sequence of the
switching elements of the lower bridge arm are the same as
in normal operation. Since the switching elements of the
upper bridge arm are turned off (not working), the motor is
in a free stop state, and the three-phase back electromotive
force of the winding does not generate a braking current.

In another embodiment of the third brake mode, see (f) of
FIG. 3, this embodiment is different from the above embodi-
ment of the third brake mode in that the control unit 22 sets
a leading conduction angle for each switching element of the
lower bridge arm, wherein the leading conduction angle is in
a range between 0° to 60°, for example, greater than 0° and
less than or equal to 60°. After the leading conduction angle
is set, the three-phase electromotive force of the winding
acts on the winding through the switching elements of the
lower bridge arm in the leading conduction interval to
generate a braking current. Since the leading conduction
angle is in the range of 0° to 60°, it can be ensured that
before the arrival of the next commutation state, it will
return to the equivalent state of the above embodiment (the
embodiment in FIG. 3(e)). At this time, the three-phase
electromotive force of the winding does not generate a
braking current, thereby ensuring that the winding current
will not be fed back to the power supply of the electric tool
through the reverse freewheeling diodes of the switching
elements of the upper bridge arm during commutation.

Referring to (f) of FIG. 3, one electrical period of 0° to
360° is taken as an example to illustrate on and off logic of
the respective switches.

The leading conduction angle is set to 60 degrees. Under
the control of the third control signal, in the period of 0° to
360°, the respective switching elements of the upper bridge
arm, i.e., the switching elements T1, T3 and T5, are turned
off (stop working). In the interval of 0° to 60°, the switching
element T4 is turned on (working); in the interval of 60° to
180°, the switching element T2 is turned on; in the interval
of 180° to 300°, the switching element T6 is turned on; and
in the interval of 300° to 360°, the switching element T4 is
turned on.

According to an embodiment of the present disclosure,
the control unit 22 can determine one or more of the above
brake modes to be used on the basis of a braking requirement
of the motor in a practical application, and determine an
execution duration and execution sequence of the used brake
mode.

The braking requirement of the motor may include the
following aspects: (1) Return bus current. For example, a
return current to the power supply/battery side of the electric
tool during braking cannot exceed a predetermined threshold
(for example, the return bus current is monitored and
detected). (2) Braking current. For example, the braking
current cannot be less than a predetermined threshold (for
example, a return phase line current is detected). (3) Braking
duration. For example, the braking duration should not be
too long.

A control method according to an embodiment of the
present disclosure will be described below with reference to
FIG. 4. The control method may be executed in the above
control device 20, for example, by the above control unit 22.
Therefore, the above descriptions are also applicable here,
and will not be repeated here.

In an embodiment, in block 402, the control unit 22
generates a first control signal for controlling the switching
states of the respective switching elements, so as to realise
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the first brake mode of the three-phase motor 10, wherein
under the control of the first control signal, the respective
switching elements of the first switching unit are turned off,
and in each sub-period interval of one electrical period, the
switching element in the second switching unit correspond-
ing to a phase with the maximum back electromotive force
of the three-phase motor is turned off, and the other switch-
ing elements of the second switching unit are turned on.

In this embodiment, each electrical period comprises six
equal sub-periods, and in each electrical period in the first
brake mode, under the control of the first control signal: in
the first and sixth sub-period intervals, the switching ele-
ment in the second switching unit corresponding to phase U
is turned off, and the switching elements in the second
switching unit corresponding to phases V and W are turned
on; in the second and third sub-period intervals, the switch-
ing element in the second switching unit corresponding to
phase V is turned off, and the switching elements in the
second switching unit corresponding to phases U and W are
turned on; in the fourth and fifth sub-period intervals, the
switching element in the second switching unit correspond-
ing to phase W is turned off, and the switching elements in
the second switching unit corresponding to phases U and V
are turned on.

In another embodiment, it is desirable that the braking
time can be shortened relative to the above embodiments,
that is, the motor is stopped by braking faster. It is possible
to execute the second brake mode after the first brake mode
is executed, that is, it is possible to execute block 403 after
block 402, because the braking current in the second brake
mode is relatively large. Therefore, the braking time can be
shortened.

In this embodiment, one of the above two embodiments of
the second brake mode, i.e., one of the PWM chopping brake
mode and the maximum braking current mode, may be
selectively adopted according to an actual application situ-
ation and a requirement for the braking duration.

In this embodiment, during a period from when block 402
(i.e., the first brake mode) is executed for a certain duration
so that operating energy of the three-phase motor is con-
sumed by a predetermined percentage (e.g., 60%) (that is,
most of the operating energy of the motor has been con-
sumed) until the motor is stopped by braking, a second
control signal for controlling the switching states of the
respective switching elements is generated so as to realise
the second brake mode of the three-phase motor, wherein
under the control of the second control signal, the respective
switching elements of the first switching unit are turned off,
and the respective switching elements of the second switch-
ing unit are periodically turned on, or are always on.

In yet another embodiment, it is desirable that the return
bus current will not be too large all the time, that is, it is
desirable that the energy returned to the battery/power
supply of the electric tool is limited to a small range at the
initial stage of the motor starting to brake. It is possible to
execute the third brake mode before the first brake mode,
that is, block 403 is executed before block 402, because the
return bus current in the first brake mode is very small
(almost zero).

In this embodiment, before the first brake mode is
executed, a third control signal for controlling the switching
states of the respective switching elements is generated to
realise the third brake mode of the three-phase motor, and
the first brake mode is executed again after the third brake
mode is executed for a certain duration so that the return bus
current drops to a predetermined threshold, wherein under
the control of the third control signal, the respective switch-
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ing elements of the first switching unit are turned off, and in
each sub-period interval of one electrical period, the switch-
ing element in the second switching unit corresponding to
one phase of the motor is turned on, and the switching
elements in the second switching unit corresponding to the
other two phases are turned off.

It can be understood that the braking process that can be
implemented is described above only as an example, and the
braking process according to the embodiments of the present
disclosure may also be implemented in other combinations
of the first, second and third brake modes. For example, the
third brake mode is executed at the initial stage of the motor
starting to brake, the first brake mode is executed when the
return bus current is almost zero, and the second brake mode
is executed after most of the operating energy of the motor
is consumed, so that the motor can stop quickly after most
of the operating energy is consumed.

It can be understood that the control device/control
method for the three-phase motor according to the embodi-
ments of the present disclosure may also be applied to other
equipment or systems that have requirements in terms of
both braking efficiency and expecting the return current to
the power supply/battery to be almost zero.

The present disclosure also provides a machine-readable
storage medium storing executable instructions which, when
executed, cause one or more processors to execute the above
control method.

It can be understood that although the electric tool 100
illustrated in FIG. 1 may be a machine tool such as a drill or
a chisel hammer, the electric tool according to the embodi-
ments of the present disclosure may also be other types of
machine tools, for example, other equipment or systems that
are suitable for using the control device/method according to
the embodiments of the present disclosure.

While some implementations have been described previ-
ously, these implementations have been presented by way of
example only, and are not intended to limit the scope of the
present application. The appended claims and their equiva-
lents are intended to cover all modifications, substitutions
and changes made within the scope and spirit of the present
application.

What is claimed is:

1. A control device for a three-phase motor used in an
electric tool, comprising:

a switching unit having a first switching unit and a second
switching unit, wherein the first switching unit and the
second switching unit each comprises a plurality of
switching elements corresponding to respective phases
of a driving circuit of the three-phase motor, each
switching element of the first switching unit is con-
nected in series with a corresponding switching ele-
ment of the second switching unit, and both are sepa-
rately electrically connected to one phase of the driving
circuit of the three-phase motor; and

a control unit configured to be electrically connected to
the switching unit, and to generate a first control signal
for controlling switching states of the respective
switching elements so as to realize a first brake mode
of the three-phase motor,

wherein under the control of the first control signal, the
respective switching elements of the first switching unit
are turned off, and in each sub-period interval of one
electrical period, the switching element in the second
switching unit corresponding to a phase with a maxi-
mum back electromotive force of the three-phase motor
is turned off, and the other switching elements in the
second switching unit are turned on.
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2. A control device according to claim 1, wherein each
electrical period comprises six sub-periods, and in each
electrical period in the first brake mode, under the control of
the first control signal:
in first and sixth sub-period intervals, the switching ele-
ment in the second switching unit corresponding to
phase U is turned off, and the switching elements in the
second switching unit corresponding to phases V and
W are turned on;

in second and third sub-period intervals, the switching
element in the second switching unit corresponding to
phase V is turned off, and the switching elements in the
second switching unit corresponding to phases U and
W are turned on; and

in fourth and fifth sub-period intervals, the switching
element in the second switching unit corresponding to
phase W is turned off, and the switching elements in the
second switching unit corresponding to phases U and V
are turned on.

3. A control device according to claim 1 , wherein the
control unit is further configured to:

during a period from when the first brake mode is

executed for a certain duration so that operating energy
of the three-phase motor is consumed by a predeter-
mined percentage until the three-phase motor is
stopped by braking, generate a second control signal
for controlling the switching states of the respective
switching elements so as to realize a second brake
mode of the three-phase motor,

wherein under the control of the second control signal, the

respective switching elements of the first switching unit
are turned off, and the respective switching elements of
the second switching unit are periodically turned on, or
are always on.

4. A control device according to claim 1, wherein:

the control unit is further configured to, before the first

brake mode is executed, generate a third control signal
for controlling the switching states of the respective
switching elements so as to realize a third brake mode
of the three-phase motor, and the first brake mode is
executed again after the third brake mode is executed
for a certain duration so that a return current to a bus is
reduced to a predetermined threshold, and

under the control of the third control signal, the respective

switching elements of the first switching unit are turned
off, and in each sub-period interval of one electrical
period, the switching element in the second switching
unit corresponding to one phase of the motor is turned
on, and the switching elements in the second switching
unit corresponding to the other two phases are turned
off.

5. A control device according to claim 4, wherein:

the control unit is further configured to set a leading

conduction angle for a switching element to be turned
on in the second switching unit, and

the leading conduction angle is greater than 0° and less

than or equal to 60°.

6. A control device according to claim 1, wherein:

the control unit is configured to determine one or more of

first to third brake modes to be used according to a
braking requirement of the three-phase motor in a
practical application, and to determine an execution
duration and an execution sequence of the used brake
mode;

the braking requirement comprises one or more of a

braking current, a return bus current, and a braking
duration; and
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the first brake mode is a dual down tube brake mode, the
second brake mode is a maximum braking current
mode, and the third brake mode is a single down tube
brake mode.
7. A control device according to claim 1, wherein the
switching elements of the switching unit form a bridge
inverter, and the switching elements of the first switching
unit form an upper bridge arm of the bridge inverter, and the
switching elements of the second switching unit form a
lower bridge arm of the bridge inverter.
8. A control device for a three-phase motor used in an
electric tool, comprising:
a switching unit including a first switching unit and a
second switching unit, wherein the first switching unit
and the second switching unit each comprises a plu-
rality of switching elements corresponding to respec-
tive phases of a driving circuit of the three-phase motor,
each switching element of the first switching unit is
connected in series with a corresponding switching
element of the second switching unit, and both are
separately electrically connected to one phase of the
driving circuit of the three-phase motor; and
a control unit configured to be electrically connected to
the switching unit, and to generate a first control signal
for controlling switching states of the respective
switching elements so as to realize a first braking mode
of the three-phase motor,
wherein each electrical period comprises six sub-periods,
and in each electrical period in the first brake mode,
under the control of the first control signal:
the respective switching elements of the first switching
unit are turned off;

in first and sixth sub-period intervals, the switching
element in the second switching unit corresponding
to phase U is turned off, and the switching elements
in the second switching unit corresponding to phases
V and W are turned on;

in second and third sub-period intervals, the switching
element in the second switching unit corresponding
to phase V is turned off, and the switching elements
in the second switching unit corresponding to phases
U and W are turned on; and

in fourth and fifth sub-period intervals, the switching
element in the second switching unit corresponding
to phase W is turned off, and the switching elements
in the second switching unit corresponding to phases
U and V are turned on.

9. A control device according to claim 8, wherein each of
the six sub-periods is an interval of 60°.

10. An electric tool, comprising:

a three-phase motor; and

the control device according to claim 1 which is electri-
cally connected to the three-phase motor, and com-
prises a switching unit and a control unit, wherein the
control unit is configured to generate a control signal
for controlling respective switching elements of the
switching unit so that the three-phase motor realizes
one or more of first to third brake modes,

wherein the first brake mode is a dual down tube brake
mode, the second brake mode is a maximum braking
current mode or a PWM chopping brake mode, and the
third brake mode is a single down tube brake mode.

11. A control method for a three-phase motor used in an
electric tool, the method being implemented in the control
device according to claim 1, wherein:

the electric tool comprises a three-phase motor and a
switching unit; the switching unit is electrically con-
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nected to the motor to supply a current thereto; the
switching unit comprises a first switching unit and a
second switching unit; the first switching unit and the
second switching unit each comprises a plurality of
switching elements corresponding to respective phases
of a driving circuit of the three-phase motor; each
switching element of the first switching unit is con-
nected in series with a corresponding switching ele-
ment of the second switching unit, and both are sepa-
rately electrically connected to one phase of the driving
circuit of the three-phase motor, and

the method comprises: generating a first control signal for

controlling switching states of the respective switching
elements so as to realize a first brake mode of the
three-phase motor, wherein under the control of the first
control signal, the respective switching elements of the
first switching unit are turned off, and in each sub-
period interval of one electrical period, the switching
element in the second switching unit corresponding to
a phase with a maximum back electromotive force of
the three-phase motor is turned off, and the other
switching elements in the second switching unit are
turned on.

12. A control method for a three-phase motor used in an
electric tool, the method being implemented in the control
device according to claim 8, wherein:

the electric tool comprises a three-phase motor and a

switching unit; the switching unit is electrically con-
nected to the motor to supply a current thereto; the
switching unit comprise a first switching unit and a
second switching unit; the first switching unit and the
second switching unit each comprises a plurality of
switching elements corresponding to respective phases
of a driving circuit of the three-phase motor; each
switching element of the first switching unit is con-
nected in series with a corresponding switching ele-
ment of the second switching unit, and both are sepa-
rately electrically connected to one phase of the driving
circuit of the three-phase motor,

the method comprises: generating a first control signal for

controlling switching states of the respective switching
elements so as to realize a first brake mode of the
three-phase motor, and

each electrical period comprises six sub-periods, and in

each electrical period in the first brake mode, under the

control of the first control signal:

the respective switching elements of the first switching
unit are turned off;

in first and sixth sub-period intervals, the switching
element in the second switching unit corresponding
to phase U is turned off, and the switching elements
in the second switching unit corresponding to phases
V and W are turned on;

in second and third sub-period intervals, the switching
element in the second switching unit corresponding
to phase V is turned off, and the switching elements
in the second switching unit corresponding to phases
U and W are turned on; and

in fourth and fifth sub-period intervals, the switching
element in the second switching unit corresponding
to phase W is turned off, and the switching elements
in the second switching unit corresponding to phases
U and V are turned on.

13. A control device according to claim 2, wherein each
of the six sub-periods is an interval of 60°.
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